We give a pedagogical introduction to D-brane instanton effects in vacuum configurations with open and unoriented strings. We focus on quiver gauge theories for unoriented D-branes at orbifold singularities and describe in some detail the Z3 case, where both 'gauge' and 'exotic' instantons can generate non-perturbative super potentials, and the Z5 case, where supersymmetry breaking may arise from the combined effect of 'gauge' instantons and a FI D-term.
Introduction
String theory is widely believed to offer the possibility of unifying gravity and the other interactions at the quantum level [1] . In modern approaches, gravity is mediated by closed strings while gauge interactions are mediated by open strings, that represent the low-energy excitations of D-branes [2] . Scenarios with large extra dimensions and low scale string tension are viable but many problems related to supersymmetry breaking and moduli stabilization are still open and call for the introduction of internal fluxes and nonperturbative effects associated to Euclidean branes [3] .
Aim of this lecture is to give a pedagogical introduction to D-brane instanton effects in vacuum configurations with open and unoriented strings. We will start with the ADHM construction of Yang-Mills instantons [4] and describe how it finds an intuitive almost natural embedding in open string theories [5] [6] [7] . We then pass to consider the two broad classes of D-brane instantons: 'gauge' instantons and 'exotic' instantons [8, 9] . The former correspond to ED-branes wrapping the same cycle as a physical stack of D-branes. The latter correspond to ED-branes wrapping a cycle not wrapped by any physical stack of D-branes. For definiteness we will start with the simplest case: ED(-1)-branes (or 'D-instantons') on a stack of D3-branes. We then pass to consider quiver gauge theories governing the low-energy dynamics of (unoriented) D-branes at an orbifold singularity. We will review in some detail the case R 6 /Z 3 with both unoriented Ω-projections and sketch the derivation of the non-perturbative super potentials of the VY-ADS type (generated by 'gauge instantons') and of the 'exotic' type (generated by 'stringy' instantons) [10] . We highlight the role of the super-moduli and of the anomalous U(1) symmetries. We also briefly address other cases with different amount of supersymmetry and/or different structure of fermonic zero-modes that determine the nature of the instanton effect (superpotential [10, 11] , threshold correction to gauge kinetic function [12, 13] , higher-derivative term [14] , etc.). Finally we discuss a toy model based on the R 6 /Z 5 quiver theory with gauge group U (1) × U (5) where dynamical supersymmetry breaking is triggered by the combined effects of 'gauge' instantons and a non-vanishing FI term for the first U (1) [15] . We conclude with an outlook and directions for future investigation.
Instantons in Gauge and String Theory
In Yang-Mills theory instantons are solutions to the equations of motion with finite Euclidean action. They generate non-perturbative effects with strength e , the action reads
For an instanton configuration with topological charge K, one has
|K| + iθK, where
An elegant and exhaustive algebraic construction of Yang-Mills instantons is due to Atyah, Drinfeld, Hitchin and Manin (ADHM) [4] . For SU (N ) Yang-Mills theory and K instantons one starts with the ansatz
with U a (2K + N ) × N complex matrix that satisfies U † U = 1 N ×N . The ADHM data are coded in a N × 2K matrix ∆ satisfying U † ∆ = 0 (i.e. spanning the kernel of U † ). It can be shown that ∆ is linear in x (space-time coordinates) and can be decomposed in terms of two K × N matrices wα and four K × K matrices a µ according to ∆ = w ⊕ (a + x). In order to ensure self-duality of the field strengths one must impose the ADHM constraint (q = 1, 2, 3): q µν (σ µν )αβ, with σ µ = (1, σ q ) in Euclidean signature. Equation (2.5) has a U (K) invariance. Once this has been taken into account, the moduli space M K of instantons with topological charge K turns out to be a 4KN dimensional HyperKähler manifold. Indeed, we have 3K 2 equations for 4KN + 4K 2 variables, out of which K 2 are redundant due to U (K) invariance. The moduli a µ , wα,wα parametrize the position, size and gauge orientation of the instanton. As we will momentarily see, they can be nicely interpreted as the bosonic massless modes of open strings in a Dp ED(p − 4) brane system. Moreover U (K) invariance is interpreted as the symmetry arising from the Chan-Paton factors of strings ending on the Euclidean branes.
Instantons from branes
It is remarkable how the ADHM construction [4] admit a nice geometrical interpretation in string theory, in terms of systems of D-branes [6] . We will therefore display how and why one should expect gauge instantons in (super) Yang-Mills theory to be implemented in String Theory as systems of D-branes. Let us start with the (Euclideanized) DBI world-volume action of a Dp-brane wrapping a (p − 3) cycle C in internal space, we write:
is the Dp brane tension. We have also assumed that the bulk field B µν vanish. Expanding at the quadratic level in F one sees that the complex gauge coupling τ is given by the expression:
which reads exactly as the contribution from an ED(p − 4) brane wrapping C and matches the contribution to the partition function of a K = 1 instanton. Indeed, the contribution from a localized source of C p−3 within the Dp brane would read ∼ C p−3 ∧ Tr(F ∧ F ), hence sourcing an instanton contribution. This suggests that gauge instantons can be described as bound states of N Dp branes and K ED(p − 4) branes wrapping the same cycle in internal space. If the two cycles are different, one obtains a contribution from the Euclidean branes wrapping a cycle C of the form 2π τ , with τ not directly related to the gauge coupling. This are 'stringy' or 'exotic' instantons, whose importance will be discussed later on. 
The first two are the bosons decomposed in one (nondynamical) vector in the longitudinal directions of the D3 brane and six scalars (i = 1, . . . , 6), while Θ,Θ are the superpartners, A = 1, . . . , 4 being a Weyl index with respect to SO(6). We will also introduce the three off-shell auxiliary fields D q , q = 1, . . . 
where ψ µ are the worldsheet fermions, e −ϕ denotes the bosonization of the worldsheet superghosts and T is the U (K) Chan-Paton matrix. One can similarly define the vertex operators for the superpartners Θ,Θ by introducing a spin field S r , r = 1, . . . , 16 (which keeps into account both SO(4) and SO(6) Weyl indices and both chiralities):
Spin fields are worldsheet operators that have branch-cut OPE with worldsheet fermions ψ µ and allow to modify their mode expansion and monodromy, effectively switching between the NS and R sectors. Strings in the D3 D(−1) sector have mixed Neumann-Dirichlet (N-D) boundary conditions along four directions. To account for this, vertex operators involve twist fields σ µ , that play for worldsheet bosons a similar role to spin fields for fermions 1 . The relevant expressions read
Again, Cα, C A are spin fields, respectively in the spinor representations of Spin(4) and Spin (6) . The normalization is crucial in order to recover the correct field theory limit for α → 0.
The result for the "action" of the instanton moduli reads schematically:
Where
The trace is over U (K) indices and the various terms are:
The 6-dimensional chiral "sigma" matrices Σ 
Following the same lines, string amplitudes on the disk with the insertion of dynamical fields provide the (super)instanton profiles and their non-perturbative contributions to scattering amplitudes. An extra term arises in order to take into account vev's for the dynamical scalar fields ϕ i of the D3 D3 sector. In that case one adds the couplings
This term plays an essential role when we want to calculate the instanton contributions to the effective action. Indeed, the instanton partition function reads:
(2.18)
Non-perturbative superpotentials
Depending of the number of supersymmetries and the structure of the fermionic zero-modes, instantons can generate different kinds of non-perturbative effects. For instance, in N = 4 theories in D = 4 they contribute to correlation functions of more than three CPO operators, while in N = 2 theories in D = 4 they correct the holomorphic pre-potential. In N = 1 theories in D = 4, non-perturbative corrections to the superpotential may arise, provided the integration (2.18) over instanton moduli space yield the chiral superspace measure. The superpotential is obtained from the partition function, keeping into account one-loop contributions so that:
with the prefactor arising from tree and one-loop string amplitudes (respectively on the disk and on the annulus and Möbius strip in an unoriented theory) with at least one end on the D(−1)'s. It takes the form 20) where β is the one-loop beta function coefficient. This factor compensates the scaling of the moduli space integral. A superpotential is generated if and only if the integral over the instanton moduli space reduces to a chiral integral over N = 1 superspace, with a µ → x µ and the Grassman variable θ α coming from Θ A α . This means that we need two exact (unlifted) fermionic zero-modes θ α . For 'gauge' instanton, integration over the bosonic moduli w andw yields negative powers of the dynamical fields and the superpotential takes the form of Veneziano-Yankielowicz/Affleck-Dine-Seiberg superpotential
where Φ is the chiral superfield associated to ϕ. Note that the power of Φ is completely fixed by dimensional analysis.
The counting of the fermionic zero modes can be done relying on index theorems. In order to have a superpotential contribution the difference between the number of gaugino zero-modes and matter fermion zero-modes must be two:
is the Dynkin index of the representation R.
"Exotic" Instantons
As previously mentioned, Euclidean Dp branes wrapping cycles C different from the ones wrapped by the physical Dp branes source effects that scale as e
, . The prototype configuration is the ED1 D9 system, with 8 mixed Neumann-Dirichlet directions (as opposed to the 4 mixed directions in the ED(p − 4) Dp case). As they scale differently than standard gauge instantons, they also source field configurations that do not satisfy self-duality conditions. They may rather admit a field theory description in terms of octonionic instantons or hyper-instantons with F ∧ F = * 8 F ∧ F . These exotic or stringy non-perturbative effects can provide contributions to the effective action that can neither be generated at the perturbative level nor by standard gauge instantons. In particular, the 'thumb rule' for instantons to generate corrections to the superpotential is the presence of precisely two exact unlifted fermionic zero-modes needed to produce the chiral superspace measure. Index theorems are useless in this case because 'exotic' instantons do not admit a simple field theory description. As they arise from branes wrapping cycles different from the ones wrapped by physical branes, stringy instantons generally lack bosonic zero-modes in the charged sector (such as w andw). As a result, when they contribute to the superpotential they give rise to positive powers of the fields, produced by integration over the charged Grassmannian moduli. 'Exotic' instanton contributions will be of the schematic form:
Such terms clearly display a very different behaviour with respect to standard instantons, as they grow for large vev's of the scalars. This would seem contradictory for gauge instantons, as asymptotic freedom suggests that these contributions should damp out for large values of the fields. However we already stressed that the scale of exotic instantons is not directly related to e
Examples of phenomenological interest where stringy instantons yield otherwise inaccessible contributions and couplings are: top-mass Yukawa coupling in U(5) (supersymmetric) grand unified theories, the MSSM µ−term, right-handed (s)neutrino mass terms and other that are forbidden in string perturbation theory by anomalous U(1)'s [17, 18] . Combining the two kinds non-perturbative superpotentials, ADS-like and exotic, one can achieve (partial) moduli stabilization and supersymmetry breaking. Moreover, exotic contributions can help relaxing the tension between moduli stabilization and chirality [19] .
When extra zero-modes are present (e.g. for different values of K), the instanton will not contribute to the superpotential, but it could lead to threshold corrections to gauge kinetic functions or higher-derivative terms. One should not forget that the counting is influenced by the presence of fluxes, both in the open and in the closed string sectors, which can lift some zero modes and hence change the nature of the effect generated by a D-brane instanton [20] [21] [22] .
D-branes at orbifold singularities
A wide and interesting class of gauge theories is obtained when considering stacks of D branes at an orbifold singularity. These models combined with an unoriented projection yield indeed a promising set of theories with interesting phenomenological applications, which also allow non-perturbative effects to be computed. We consider the case of a R d /Γ singularity, with Γ a discrete subgroup of SO(d). We will focus on Γ = Z n for simplicity. Putting a stack of N D branes sitting at the orbifold point, these branes must be reorganized in stacks of N i "fractional" branes, so that N = i N i with i = 0, . . . , n − 1, reflecting the irreducible representations of the orbifold group. Correspondingly, the gauge group U (N ) of the parent theory decomposes into i U (N i ), reflecting open strings whose ends belong to the same stack and thus the same/conjugate representation. Matter is realized in terms of open strings ending on different stacks and gives rise to massless fields in the bi-fundamentals N iNj .
More precisely, the Z n orbifold projection identifies the (complex) coordinates z I according to
Preserving supersymmetry generically requires I k I = 0 mod n. The D branes at the singularity must therefore be regrouped so that each one has images under the action of Z n . The orbifold projection is embedded in the Chan-Paton group as
This action is more straightforward to see on the bosonic fields of the effective theory. Open strings ending on the N D branes in the unprojected theory give rise to a U (N ) super Yang-Mills theory. Focusing on D3 branes, one has an N = 4, D = 4 effective theory. The bosonic matter content comprise one vector A µ and three complex scalars ϕ I arising from the reduction of the ten-dimensional vector. The orbifold projection will break supersymmetry to N = 2 or 1. The vector in D = 4 is not directly affected by the Z n action on the internal space coordinates (3.1), but the action on the Chan-Paton indices remains, so that
Here U (N ) indices are grouped in their conjugacy classes. We must only keep invariant states, hence we require i = j and the gauge group is reduced to i U (N i ). Scalar fields arising from the decomposition of the D = 10 vector transform under Z n as the z I . Combining with the Chan-Paton action one gets
Therefore the matter content surviving the projection sits in the bi-fundamental representations N iNj of U (N i ), where i − j + k I = 0 mod n. The resulting gauge theories can be conveniently depicted in a quiver diagram, where nodes represent gauge groups while arrows connecting nodes indicate matter in the bi-fundamental representation. Orbifold quiver theories have a tree-level super-potential for the chiral superfields Φ I of the form
, that is inherited form the parent N = 4 super Yang-Mills theory.
One can combine orbifold projections with an un-oriented projection. Adding an Ω3-plane on top of the 'fractional' D3 branes, one identifies different groups and states. When n is odd, the Ω projecton must necessarily identify one of the nodes of the quiver with itself, hence the only consistent identification is
The first condition gives either SO(N 0 ) or Sp(N 0 ) depending on the Ω-plane charge. For even n, there are two possibilities: Moreover there is the choice of the charge of the Ω plane, leading to different possibilities. One must also require RR tadpole cancellation in sectors with non-vanishing (worldsheet) Witten index, reflecting anomaly cancellation for the non-abelian gauge group in the effective field theory [23, 24] . The situation can be summarized in terms of (3.2) with the requirement Tr ρ(Z n ) = ±q Ω , where q Ω is the charge of the orientifold plane, when present. For instance, let us consider the reduction of N = 1 super Yang-Mills theory on T 6 /Z 3 [25] . Internal space coordinates are identified according to z I ωz I , ω = e 2πi/3 and the gauge group turns out to be
with three generations of chiral multiplets in the N 0N1 ⊕ N 1N2 ⊕ N 2N0 . The corresponding quiver diagram is shown in Figure 4 . The unoriented projection is obtained with an Ω3 ± plane, which leads either to a SO(N 0 ) × U (N 0 + 4) gauge theory (taking into account anomaly cancellation) or to Sp(2N 0 ) × U (2N 0 − 4), for negative or positive charge respectively.
Quiver gauge theories generally contain gauged U (1) factors for which anomaly cancellation is not just obtained by the appropriate choice of the charges of matter fields, but rather it is recovered from the contribution of twisted RR axions ζ coming from closed string modes and generalized Chern-Simons couplings [17, 18] . For a single anomalous U (1) associated to the gauging of an axionic shift symmetry, the tree-level lagrangian has the schematic form:
Under a gauge transformation δA µ = ∂ µ α, δζ = M α, the second term is not invariant. However, it compensates the variation of the anomalous 1-loop contributions from the fermions, provided M and C are suitably chosen. As we will momentarily see, closed string twisted modes actually enter the expression of non-perturbative super-potentials in the form ∼ e −CZ , so that a shift of the axion ζ = Im Z compensates the U (1) charge of the factors depending on charged open string fields.
4 Non-perturbative superpotentials in the T 6 /Z 3 models
We provide here a more detailed discussion of the unoriented projections of the T 6 /Z 3 quiver gauge theories [10] . In particular, we would like to discuss how non-perturbative superpotentials arise from gauge and exotic instantons in the SO(N 0 ) × U (N 0 + 4) and Sp(N 1 + 4) × U (N 1 ) models. As already explained, they arise as the N = 1 effective theories of stacks of D3 branes on the T 6 /Z 3 orbifold singularity combined with an Ω3 ± plane. Gauge and exotic instantons are obtained by considering bound states with D(−1) and ED3 branes (wrapping 4-cycles in the internal space) respectively.
Gauge instantons
The construction of gauge instantons is obtained from the standard D(−1) D3 system after implementing both unoriented and orbifold projections. We begin by considering the unoriented projection, which sends the U (K) instanton symmetry either to SO(K) or Sp(K). Consistency requires the D(−1) D(−1) system to obey the opposite identifications with respect to the D3 system, so that the relevant symmetry groups are SO(N ) × Sp(K) and Sp(N ) × SO(K) for negative and positive Ω3 charge respectively. The Z 3 identification splits the N D3 and K D(−1) branes in N 0 , N 1 and K 0 , K 1 fractional branes. The relevant instanton symmetry group becomes either
The surviving ADHM data is obtained following the same lines as in Section 3 and keeping states invariant under Z 3 and the unoriented projection. The resulting representations for the Ω3 + case are:
We decomposed A = 0, I where A = 0 indicates the surviving Killing spinor direction. Of course, no independentw,ν moduli are present in the unoriented theory. The content for Ω3 − is obtained by exchanging
It can be shown that the only configurations which give rise to a non-perturbative superpotential are either the U (4) model (with an Ω3 − plane) with K 0 = 0, K 1 = 1 or the Sp(6) × U (2) theory with K 0 = 1, K 1 = 0. This is again obtained by counting of the fermionic zero-modes.
In the Sp(6) × U (2) case the relevant gauge instanton would have O(1) symmetry and therefore most moduli disappear: the whole ADHM data, with explicit indices for the gauge group, is
In particular noΘ and D q are present and therefore no ADHM constraint must be imposed. Only two fermionic zero-modes Θ 0 α survive, as required. The instanton action reduces to the couplings S ϕ of charged moduli to dynamical scalars ϕ Isu , as in (2.17). Integrations along w, ν are gaussian and hence (2.21) yields the final result (substituting a µ → x µ , Θ 0 → θ up to a nonvanishing constant):
The exponent of Λ is given by the one-loop coefficient of the β function or, conversely, can be fixed a posteriori by dimensional analysis. We treat Iu as a single index from 1 to 6. The case of the U (4) theory is slightly more involved as some more moduli survive and there is an actual U (1) instanton symmetry. We give only the result, in terms of the chiral superfields Φ I [uv] in the antisymmetric representation of the gauge group (u, v = 1, . . . , 4).
Exotic instantons
Exotic instantons in the T 6 /Z 3 model are generated by (fractional) ED3 branes wrapping a 4-cycle in the internal space [10] . Open strings connecting ED3 and D3 branes have 8 mixed Neumann-Dirichlet directions. Thus the ground-state in this sector is a fermion of fixed chirality (say R) with respect to the SO(2) acting on the common transverse directions [26, 27] .
A counting of the allowed exact fermionic zero-modes shows that a superpotential contribution can only arise for the SO(N 0 ) × U (N 1 ) case, with K 0 = 1, K 1 = 0. Note that this time the symmetry group of the instanton, arising from the stacks of fractional ED3 branes, is of the same kind of the gauge group, hence SO(K 0 ) × U (K 1 ), as a consequence of the unoriented projection acts in the same way on the physical and instantonic branes.
The superpotential calculation is similar to the gauge instanton case, but this time the instanton has no sizes and orientations and hence the integration over charged moduli yields positive powers of the fields:
The scale factor is calculated in a similar way from tree-and one-loop amplitudes, however it is not directly related to the gauge coupling constant τ . The resulting superpotentials carry N 1 /2 power of the dynamical fields and therefore are renormalizable for N 1 ≤ 6. For instance, for the U (4) model one obtains non-perturbative Majorana mass terms for the chiral fields in the three 6, while for the SO(2) × U (6) with three (2, 6 * −1 ) + (1, 15 +2 ), one finds instead corrections to the Yukawa couplings of the 15 +2 with one another. Notice that in both cases, exotic instantons generate couplings for the matter in the antisymmetric representation.
The Z quiver
Another interesting model is obtained from (unoriented) D3 branes at a C 3 /Z 5 singularity [15] . Note that although the torus T 6 does not admit a Z 5 projection compatible with supersymmetry, such singularities can show up in Calabi-Yau compactifications. The quiver diagram is depicted in Figure 4 . After the unoriented projection and keeping into account tadpole cancellation, one can construct in particular a GUT-like model with U (5) × U (1) gauge group which features dynamical supersymmetry breaking. The matter content of the U (5) × U (1) model is summarized in Table 1 . Gauge kinetic functions are linear combinations of the two (closed string) twist fields T a = t a + iζ a and the axio-dilaton S = ϕ + ib. F-terms are easily obtained from the tree-level super potential
A counting of the fermionic zero-modes for this theory shows that no gauge instanton corrections to the superpotential can arise. However, such effects can appear in a less direct way, when the theory is in an appropriate regime. Note moreover that no exotic instanton effects do affect the superpotential [15] .
Including Fayet-Iliopoulos terms, the D-terms read
For ξ U (1)5 = 0, ξ U (1) = m 2 > 0 there is an SU (5) preserving solution to both F-and D-flatness conditions, which defines a perturbative supersymmetric vacuum of the theory, obtained by taking all vev's to vanish except for the U (5) singlet:
The superpotential produces a mass term W tree = mC 1u E v for C 1u and E u , that therefore decouple for large m. The low energy tree-level superpotential reads W = A 1 uv C 2u C 3v . The resulting theory is a U (5) gauge theory with 2 generations of matter in the 10 and5 representations (plus two color singlets). What is interesting is that now an effective superpotential can arise from gauge instantons. Indeed, the counting of fermionic zero-modes from a K = 1 U (5) instanton is n(λ 0 ) − n(ψ 0 ) = 2N − R 2 (R) = 10 − (1 + 3) × 2 = 2. The exact form of the gauge instanton correction to the superpotential is also completely fixed by the symmetries of the theory
Here the matching of the scales of the two theories givesΛ 11 = mΛ 10 . The new index α runs over the 2 remaining massless combinations of the C fields. Taking into account this non-perturbative correction, the effective U (5) theory no longer admits a solution to both F-and D-flatness conditions, so that supersymmetry is dynamically broken by the instanton effect.
It is very interesting to see how one can recover the same results in the strong coupling description [15] . In this case, the appropriate degrees of freedom are SU (5) "color" singlets: the U (1) factors are anomalous and at any rate decouple at low energy. Introducing an index I = (i, 3), one can construct "mesons" and "baryons":
(5.5)
Note that now the flavour symmetry is apparently extended to SU (3) × SU (2), although only a diagonal SU (2) is preserved by the superpotential. The fields in (5.5) satisfy the algebraic relations
The term Λ β1 = Λ 10 arises at the quantum level and is absent at tree level. It represents a quantum deformation of the moduli space. Note that it could not appear in the first relation since the terms there have the 'wrong' dimension: 7 instead of 10. One can rewrite the superpotential (5.1) by adding Lagrange multipliers U and V to enforce the constraints
Turning on a vev for the singlet field B 1 and integrating out the massive fields, one is left with Z iα and Y Z iα Ziα , hence matching the ADS correction of the effective theory. Again, we conclude that supersymmetry is dynamically broken.
Another way to see this result relies on the Konishi anomaly. One starts by considering a correlator in the microscopic weakly coupled theory that is corrected by instanton effects. In the case at hand, it has the schematic form EC 3 A 6 , since the ten scalars soak up two fermionic zero modes each and hence saturate the counting of 20 fermionic zero-modes of the full theory for a K = 1 instanton. Written in terms of (5.5) for gauge invariance, one has By taking f = f and φ f = E and the vev's B i = (m, 0) and noting that the left hand side of (5.9) vanishes unless supersymmetry is broken and ψ f is the Goldstino, we have = 0 in the low energy theory where massive fields have been integrated out, which means that the left hand side must be nonvanishing. Therefore supersymmetry is dynamically broken and we identify the Goldstino with ψ A 2 .
Outlook
Let us conclude with an outlook and draw some directions for future work on the subject.
We hope we have convinced the reader that D-brane instantons (ED-branes) can produce interesting non-perturbative effects in vacuum configurations with open and unoriented strings. As we have shown, there are two broad classes of ED-branes: 'gauge' instantons and 'exotic' instantons. The former provide a very elegant way of embedding the ADHM construction in string theory. The latter are genuinely stringy in nature. Depending on the amount of supersymmetry and the structure of fermionic zero-modes, ED-branes can produce non-perturbative super-potentials, threshold corrections to gauge kinetic functions or to higherderivative terms, etc. They can in particular contribute to moduli stabilization and supersymmetry breaking in conjunction with internal fluxes and FI D-terms.
We have neither explored the interplay with world-sheet and NS5-brane instantons, resulting from various string dualities, nor the holographic description in various contexts that could shed light on multi-instanton effects and other subtle properties of ED-branes, such as the role of world-volume fluxes. Although there is still a long way to go, we believe the basic rules of the game are set for future investigation.
